Analysis of Variance (ANOVA) is a technique in statistics to test the mean differences of more than two groups in the presence of factors that may affect the mean difference. There are three types of analysis of variance, namely one-way analysis of variance, two-way analysis of variance, and multi-way analysis of variance. In this paper, we will discuss two-way analysis of variance which can be seen also the interaction of two factors. In the two-way analysis of variance, there are assumption that must be met, is observed in the cell or group must be normally distributed, the observations between cells or groups are mutually independent, and the variance between cells or groups is homogeneous. A common problem with two-way analysis of variance is unfulfilled assumptions, one of which variance between cells or groups is heterogeneous. Before determining test statistics for two-way analysis of variance, there are parameters to be estimated. This paper discusses the estimation of parameters for testing the effects of main factors and interaction factors on a two-way analysis of variance when the variance between cells or groups is heterogeneous.
Introduction
Suppose there is ! level or treatment of factor A and ! level or treatment of factor B, then there is !" treatment combination, with ! replication in each group or cell. The effect of factor A and factor B is the main effect, it is assumed that both factors have interaction. The sample size of each group or cell is assumed to be different, denoted by ! !" , which is the number of samples in groups or the !"th cells where ! = 1,2, … , ! dan ! = 1,2, … , !. It is assumed that the variance between cells is heterogeneous where ! !" > 1 [1] . Given a two-way ANOVA model with factor interaction, assuming heterogeneous variance, as follows:
where ! is the overall mean, ! ! is the effect of the level or the !th treatment of factor A, ! ! is the effect of the level or the !th treatment of factor B, ! !" is the interaction effect of factor A and B, and ! !"# is the component of the !"#th error. Suppose the sample mean at the !"th treatment where ! = 1,2, … , ! 
and the sample variance at the !"th treatment where
Each ! !"# can be substituted by using equation (1), so
where
Model of equation (2) can be expressed in terms of a matrix containing ! !" elements, as follows:
where ! is a vector of !"×1 whose elements are the sample means of each cell, ! !" is a vector one of !"×1, ! is a vector of !"×1 whose elements are the overall mean of each cell, matrix ! ! ⊗ ! ! and
containing the interaction effect of factor A×B, ! is a vector of !"×1 containing the error of the
2. Estimation of parameter for the interaction effect of factor A×B In this section, we will discuss the hypothesis test of interaction effect of factor A×B. Here is a hypothesis test used to determine whether there are interaction effect of factor A and B:
The model is:
For the value of ! to be defined, it is assumed that the overall ! is constant or equal to each cell average, and for the value ! !" to be defined, it must satisfy
By satisfying the above conditions, we can estimate the values of !, ! ! , and ! ! expressed in a
To get estimation !, can use equation (3). Based on the null hypothesis assumed to be true by the researcher, expressed in equation (4), the component ! !" = 0 then ! = 0, so the equation becomes:
Based on a theorem 5.2.5 [5] , the equation (6) can be expressed in terms of the linear model (6) can be formed into: 
with condition:
by summing the equations (8) and equation (9) generated:
Since !" = ! is a non-estimable function, it means that the function cannot be formed explicitly, but there is ! which satisfies the function, so it can be expressed !! = ! [6] . So equation (10) can be expressed as follows:
However !′! !! ! is a matrix which has no inverse then it can use the generalized inverse of the matrix denoted by (!′! !! !) ! then the solution of ! can be expressed
We have a new equation ! with the new estimate ! show in equation (12), as follows:
3. Estimation of parameter for the effect of factor A In this section, to be tested is the effect of factor A. Here is a hypothesis test used to determine whether there is a treatment effect of factor A with the possibility of an influence of factor interaction:
For the value of ! to be defined, it is assumed that the overall ! is constant or equal to each cell average, and for the value ! ! to be defined, it must satisfy
which is the weight of ! ! , and for the value ! !" to be defined, it also must satisfy
which is the weight of ! ! Error! Reference source not found. [4] . 
. To get estimation ! ! , can use equation (3) . Based on the null hypothesis assumed to be true by the researcher, expressed in equation (14), the component ! ! = 0 then ! ! ⊗ ! ! ! = 0 and and ! !" = 0 then ! = 0 so the equation becomes:
From equation (16), there are conditions that satisfy
an estimator of ! ! , so that equation (16) can be formed into:
By summing the equations (18) and equation (19) generated:
So the equation (20) can be expressed as follows:
By using a generalized inverse the solution of ! ! is
We have a new equation ! with the new estimate ! ! show in equation (22), as follows:
Estimation of parameter for the effect of factor B
Next to be discussed in this section, is the hypothesis test of the effect of B. Here is a hypothesis test used to determine whether there is a treatment effect of factor B with the possibility of an influence of factor interaction: The model is:
the weight of ! ! , and for the value ! !" to be defined, it also must satisfy
By satisfying the above conditions, we can estimate the values of !, ! ! , and ! ! expressed in a parameter
To get estimation ! ! , can use equation (3) . Based on the null hypothesis assumed to be true by the researcher, expressed in equation (24), the component ! ! = 0 then ! ! ⊗ ! ! ! = 0 and ! !" = 0 then ! = 0, so the equation becomes:
From equation (26), there are conditions that satisfy
an estimator of ! ! , so that equation (26) can be formed into:
(29) By summing the equations (28) and equation (29) generated:
So the equation (30) can be expressed as follows:
By using a generalized inverse the solution of ! ! is 
Conclusions
Parameter estimation in two-way analysis of variance in the presence of interactions when variance between cells is homogeneous differ to parameter estimation in two-way analysis of variance in the presence of interactions when variance between cells is heterogeneous. Parameters in a two-way analysis of variance in the presence of interactions when variance between cells is heterogeneous is estimated in matrix form which will be used to find test statistic. Parameter estimation of each main factor effect and factor interaction effect, distinguished by the ! matrix containing the unit vector and kronecker product, corresponding to the null hypothesis which is assumed to be true by the researcher.
